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© Pervaporation process and membrane. 



© A pervaporation process is disclosed in which a membrane is employed which comprises an elastomer 
polymer matrix containing zeolite. 
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Pervaporatfan Pm^. Membrane 



re,*™*^ with another aspect, this invention 

s partial vapour pressures of the components oHhe 13? SStJ T Side ° f the membrane *. 
pressures of the components at the feed side a drivino f * "* k8pt be ' 0W the P 3 *'* 1 "*f>™ 
the membrane is established. According to me^eZSl . th t. m !° rati0n 0f «™° components through 
the membranes at different rates. ^^2£ZZ7£^ P3SS 
number of different parameters, such as UrT^ou^Z^T "* C ° mp,eX funcfions of a 
io structure of the membrane, composition of toe Zture^n t permeatin S «P**». nature and 
pressures are iower at the perme'ate vapour 
evaporate after passing through the membrane 111*7 ° membrane - the components will 

calied "pervaporation". Due to the SS^S^T^, ^ Pr0CeSS 18 therefore 

permeate will differ from the composition of the ZSSion 2 ? ."T?"* *• of the 

rs feed mixture is observed. on or tne composition of the feed mixture, and a separation of the 

perm^atV^^^^ ™s is maintained between feed and 

by the permeabil^tf the ^cl oTZ^ '™ *" d h det9rmined ° n * 

pervaporation and it is believed that solbZTa tmr^l^ T" 8 membranes «n be used for 
diffuses are governing the mass i^^Z^JT^ material ,09ether with 

*Tn?SST WherefrareP ° rtpha ~ ^ fe 3 "^"'"^ 

~ * fflTO.^^ S? - h f ?en described in the literature; 

Other prior art that should be mentioned is: D. R Paul et el i p«i q„- e 
discloses zeolite in conjunction with a polymer fJL^ JS' pa Symp. No. 41 (1973) 79. who 
adsorption/regeneration process employina a teESL S atont 70 03 548 desc «'bes an 

polymer film containing zeoite 9 hetero 9 enous membrane. This membrane comprises a 

good separation efficiency for varioj ES£E£ t^SSLI * , pervaporation P*— exhibiting 
provide a continuous pervaporation oroce^ TlZ^,« ^' y ' rt 18 30 of ** invention to 

inlet chamber which is cloSdTy a f 1? ?* ma ^ ' S pasSed through an 

withdrawn from a permeate d^SSTS£ Z^oT^ *** ** Permeate is «»*JU 
over known processes. Yet more specSJ ft fe fSSffJl Sm ^ >rane with Wed efficiency 
process for industrial processes and lin oarttLl ' * S ,nvenbon to P rovicte a Pervaporation 

of impurities ^cul^organ^ 

and after a release of the stretching *££LmfZE£Z J£l • 1 ?" ch8d 8 Si9nificant ■«« 

exhibit a certain separation efficiency as a mSS^el flLETS" ^ which 

preferred polymers can be broadly deLbTd^^droT„ h 7^ ^V"** incor P° rafcn therein. These 
so polymers useful in accordance wjh ^erL^S^^Jf T Preferred and ™ re specific 
hydrocarbyl siloxane. Yet more specttJJZTortB^^lT P ° lymers ' and in P***"* P°'V 
wifh this invention is a polyhydrocarbyTlS^ ht toktZZTTZS^ 9mP ' 0yed in accwtian « 
preferably aryl or alkyl substitoents. wnereh^e sZfl^? 7 •*•*»«* with I to 10 carbon atoms, 
most preferably, these flourine substitoS wS cSSJlSS T* °" 6 ° f m0re ftourine ^ubstituents; 
the carbon atom attached to the silicone aom 0te fr ° m S,licone atom - i e - ■• not on 
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For some of the processes herein described the polydimethylsiloxane is particularly useful and thus 
preferred as the elastomeric polymer matrix in the membrane of this invention. 

In broad terms, the elastomeric polymer used in the membrane of this invention can be characterized 
by a molecular weight in the range of 50 thousand to 10 million, 
s The polymers used in this invention have been described above as preferably being hydrophobic. In 
other words, the polymers show selectivity toward organic molecules over water. These preferred polymers 
thus allow molecules of significantly lower polarity than others to pass, while they reject molecules of higher 
polarity, e.g., water. 

In accordance with this invention, zeolites are incorporated in the membrane. The zeolites embedded in 
70 the membrane of this invention preferably are as hydrophobic as possible. These zeolites can also be 
described as selectively sorbing organic molecules. 

The incorporation of the preferred hydrophobic zeolites in the elastomeric polymer membrane has been 
found to improve the performance of this membrane in such processes as the pervaporation process. 

Some properties of crystalline aluminosilicates or zeolites are described in U.S. patent 3,732,326 and 
is European patent 31 676. Zeolites with a high Si/AI ratio exhibit hydrophobic behavior in that they sorb the 
less polar component from a mixture of said components with a more polar component. These zeolites are 
therefore preferred. 

The preferred zeolites have a high Si/AI ratio, more particularly have an Si/AI ratio of 12 or more and an 
SWAI^ ratio of 35 or more. These ratios can be determined by known processes, such as atomic 
20 absorption spectroscopy (AAS), X-ray spectroscopy and classical techniques, such as volumetric and 
titration methods. 

The zeolites are finely divided materials when incorporated in the elastomeric polymer matrix. Generally 
the particle size of the zeolite incorporated will be less than and preferably significantly less than the 
thickness of the membrane. The particle size of the zeolite is preferably O.I to 10 microns. One particularly 

25 advantageous zeolite material involves a mixture of two fractions, one having a particle size in the average 
of one micrometer and the larger fraction having a particle size average of about five micrometers. The 
particle size is determined by B.E.T. methods or X-ray diffraction. 

Zeolites of this type can be produced in different ways. In general, zeolites can be treated to remove 
alumina from the framework so that the SiO^AfeCfe ratio is at least 35. On the other hand, zeolites can be 

30 synthesized in a form wherein said ratio is already at least 35. Such zeolites are especially useful for the 
present invention because they can be used without further treatment. One preferred such zeolite is 
silicalite, the preparation of which is disclosed in U.S. patent 4,061,724. Other zeolites ZSM-5, ZSM-II and 
silicalite-2 are disclosed in U.S. patent 3,702,886, U.S. patent 3,709,979 and described by D.M. Blbby et al. t 
Nature 280 (1979) 664. respectively. 

35 Many zeolites of this nature are commercially available. The preferred zeolites employed in accordance 
wfth this invention can also be characterized by their ethanol adsorption capacity. Preferably this ethanol 
adsorption capacity is in the range of 0.02 to 0.4 g/g, most preferably in the range of 0.04 to 0.20 g/g. The 
adsorption capacity values are measured using adsorption isotherms. 

The membranes of this invention preferably consist essentially of the elastomeric polymer and the 

40 zeolite. Usual additives, such as stabilizers, etc., are contained in the polymer. 

The zeolite particles embedded in the polymer matrix film of this invention are present in a quantity 
determined by stability considerations with respect to such film. Preferably the film or membrane contains 
10 to 80, most preferably 60 to 75, weight percent zeolite based on the total weight of the membrane 
including the zeolite particles. 

45 The thickness of the membrane typically is I to 200 micrometers, preferably about 5 to 20 micrometers. 
The heterogenous membrane in accordance with this invention may be shaped in various ways and 
may be self-supporting or supported. In a self-supporting embodiment the membrane can preferably be 
formed as a hollow fiber. In accordance with this invention it is presently preferred that the membrane is 
supported. The membranes of this invention are selective toward molecules of low polarity in a mixture with 

so a material of high polarity. The membranes exhibit both high flux and high selectivity. Therefore the 
resulting heterogenous membrane can be used in various membrane pervaporation separation processes. 
The membranes can be used in particular for a continuous process, although they are useful also in 
batchlike operations when desired. In accordance with another embodiment of this invention a pervaporation 
process is provided. This perva poration process is characterized by the fact that a membrane in 

55 accordance with this invention is used in the separation. The pervaporation separation process of this 
invention can be broadly described as one in which a feed material containing at least two components 
having different permeability with respect to a membrane is passed to an inlet chamber and into contact 
with said membrane. Due to the different permeabilities the product passing through the membrane is 



3 



0254 758 



enriched in the component having the higher permeability. The product at the permeate side of th* 
membrane is withdrawn in the form of a vapor. The .after can be acUmptshed pretext pntdL a 
T? Z ** 80 that 1,19 vapor leavi "9 th « ^mbrane on the perZte swS 

s ^ r ! h ,n »IS CO " denSOr - ^ in yet 0ther terms ' *• P refe ™ d process of this invenZlnvoS 
ST!?.? ^ material ^ * e ^ ^P 0 "^ <* Afferent permeability on one side of CmeXne 
tTl a P Zi n9 f Permeat ? ° n th8 0ther side of *• ™ mb ™* with the provL mat *e 

k Pe T 9 Chamb6r iS ^^'V below the temperature of the feed liquid ™ the other 
side of the membrane. The most advantageous process involves continuously passing Z feed material 
through the feed chamber which is closed by the membrane, and the continuous witSd^aTof 

« JET' ^ ? aPPBe4 t0 1,16 Pem,eate Chamb6r - ^ em P'°y ed temperatures anT^ssZ 

IZnTint 6 TV b9 S8Parated - Specifica,, y U P°" *• ii- boiling pdnJ ofT^o 
mToem^J^h Preferred process. The permeate vapor is condensed after it has been withdrawn frTm 
the permeate chamber and subjected to further treatment "'u'orawn irom 

«nJ2LT* ST^-^.f CaiTyin9 0Ut 4,16 process 01 this inve "«o« is in a multi-step of continuous 

» 2TT i 2 6 ^ materialS 3re paSS6d a °f Pervaporation cefe of SuTS 

20 east one contains the membrane of this invention as the active material, fcTSZ^iS^ 

A preferred field of application of the membrane according to the invention and a Deferred nr,™ „i 

* ^z oua separafion ° f sma)i m ° te — oftowpTityrz^r^a 

£Z2£ 5? I T ^ ^ ^ m ° ,eCU,eS - M ° re «* P refef ^ the Procesr^otves W e 

^ m0l9CUteS fr0m dilute «' ueous solu «°n S . Such organic molecuTs areta 
Cl??^ sub ^ hydrocarbons, in particu.ar chlorinated hydfo^onfa^d alcTho" 

IZVZ 1 rl T ^ h * e ^ m ° ,eCU,e " Such 38 met hanol, «thanol, propJoUsop^of 
butanol and the like, and organic compounds with comparable polarity The membrm iSw^STSS 
invention thus are particularly advantaoeousiv ^..iterf w «1 Zl « memorane and process of this 
ai™h«i e _Tr, y aovamageousty suited for the contmous removal of impurities, such as 

alcohols, from mdustnal or municipal waste waters. Another example for the application of this ^vStionte ( 
the removal of trace impurities from ground water. Still another case of appKoH the mveZn I thf 
toVlT'T™ alC ° h °i fr0m thB fe "" entation ^ in a continuouTme^brane pTcce^ 

The process of this invention is particularly suitable for the separation of hydrocarbons and rhi«rin ate H 
hydrocarbons, alcohols, esters, ethers, and amines from aqueous solutions «ST£tSi3S^ 
mentioned mpurities typically have I to .2 carbon atoms. In the case of AhSSC!i3!l2 
be present in a concentration of 5 mg organic chlorine per liter or less Cn '° nnated W rocarb °™ they w,ll 
a .JL! h, !,r enton ii USed in wi »h separating alcohols from aqueous solutions containino such 

MKSSr ns " ** ateoho ' - 9enera,,y be 1688 * an 20 ^ p~ d ~Te2 

dravSrSiff"' 68 a T d adV3nta9eS wi " be ^P^" 1 fr ° m the following example in connection with the 
drawing. These examples serve to illustrate the invention without limiting the same 

m«mJ2" r8 f°*!' SCh8matiC drawi "9 of me Proration test apparatus. Said apparatus comprises a 
iTb ShT ^ SUPPOrtin9 meanS 2 30(1 sup P Ded "» a fe8d «**» 3. inl case Sm£ 
hereinaftar ' Said feed «**« is a dilute aqueous solution of an alcohol -namely meTand 
' ,S I Pr0Pan0 ' ° r bUtami - hom m « alcohol admixture has to beTptrated bTa 

SedT^C nSr m6mbrane ' S VaCUUm ^ by ^ ° f 3 C00,i " 9 fra P 4 a «W flas 
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Example 1 

This example Illustrates the preparation of polymer membranes, without zeolite added, and their 
pervaporation performance. 

5 Silicone rubber compounds RTV 6I5A and 6I5B from General Electric were mixed in a 10:1 ratio 
according to the procedure described by General Electric. The rubber is polydimethylsiloxane. The mixture 
was transferred past a doctor's knife and cast on a perspex plate, casting thickness 150 urn. In accordance 
with the procedure given by General Electric the perspex plate with the rubber film was put in an oven and 
the film was cured at 80 °C for four hours to assure complete crossiinking of the film, 

w After completion of the crossiinking, the silicone rubber film or membrane was removed from the 
perspex plate. The thickness of the film was measured with help of a micrometer. Part of the membrane 
was put to the test on the pervaporation apparatus (see Figure I). The feed solution was a mixture of water 
and alcohol, the alcohol concentration 5.3 +'0.2 % by weight. The feed temperature was maintained at 22.5 
°C. The flux was determined by weighing of the collected permeate. All fluxes were normalized to I00 urn 

76 membrane thickness. The permeation selectivity was computed as 

V™ <1-X., c fWd > 
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x.,/" d (1-x.,p™> 



with x = weight fraction, the superscripts feed and perm are for feed solution and permeate respectively. 
25 The subscriptalc stands for alcohol. 

Tested were the alcohols methanol, ethanol, propanol and isopropanol. The results are listed in Table I. 



Table 1: Pervaporation results for silicone membranes; 
alcohol concentration of the feed 5.3 ± 0.2 % by weight 



alcohol 




flux 
(l/m*h) 


a 

(-) 


methanol 


2. 


0 x 10-2 


• 7.6 


ethanol 


2. 


4 x lO -2 


7.6 


propanol 


2. 


8 x 10 _a 


19.1 


isopropanol 2. 


7 x 10" a 


9.5 
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FIGURE 1 

Example 2 



This example shows the preparation of a zeolite-filled silicone rubber membrane 
Zeolite was prepared according to the original patent U.S. Pat 4,061.724. The particle size was 
determined through scanning electron microscopy and was found to be between 0.5 and 10 urn To avoid 
the unwanted presence of larger particles the zeolite was sieved on a test sieve with a 40 m aperture before 
35 further use. A silicone rubber mixture was prepared as in example I. An amount of 10 g of the prepared 

25212^ ! ," 2 l m J jar With 4A 9 of *• si,icone rubber The resulting paste was 

transferred past a doctor's knrfe and cast on a perspex plate, casting thickness ISO urn. The zeolite- 
containing film, zeolrte content 69.4 % by weight, was cured as in example I. The membrane thickness was 
measured as in example I. 



Example 3 

^ n ^^J e * e dependence of membrane performance for a zeolite-filled membrane on the 

45 sorption capacity of the silicalite used. 

haJSTJ SO^V 2 £ lte JT* Pr l P3red aCC ° rdin9 10 * e 0ri9inal Patent US - Patent 4 - 06| . 7 24. in 
batches of about 30 g. The different batches were characterized through ethanol adsorption at room 

temperate and surface area measurement (B.E.T. method). The ethanol adsorption was measured from 

toe liquid phase through contacting about I g of zeolite with about 10 g of an ethanol/water mixture of about 

so 10 * by weight ethanol. The composition of the liquid was determined before and after adsorption was 

completed. The amount of ethanol adsorbed per gram of zeolite was computed from these data as 
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(x before ads._ Y after ads . v v M 
< X alc - x alc > x "mix 

M ads = (g/g) 



M sil 

with M mix the mass of the liquid in contact with the zeolite. M 5 „ is the mass of the zeolite. 
10 Due to scattering in the synthesis results some batches with different were obtained. To obtain 
pervaporation data for each batch of zeolite, membranes were made from the different batches according to 
the method in example 2 but with a 60 % by weight filling. The membranes were tested as in example I, 
the alcohol being ethanol. In table 2 the sorption and pervaporation data are listed for three different zeolite 
batches. 

75 



Table 2: Adsorption and pervaporation data; alcohol 
(ethanol) concentration of the feed 5.3 ± 0.2 % by weight 



25 



30 



35 



slllcallte surface area flux a 

(m f /g) (g/g) (l/m'h) (-) 



A 150 0.04 ].8*IO~ f 8.4 

B 300 0.10 5.5*10" f 17 

C 394 0.13 2.7*IO- f 24 



40 



Example 4 

45 

This example illustrates the influence of the zeolite content on membrane performance for various 
alcohols. 

Zeolite was prepared according to the original patent U.S. Pat 4,061,724. The zeolite was characterized 
by ethanol adsorption as in example 3. Batches with an adsorption capacity of 0.10 + 0.01 g/g were 
so selected. As in example 2 membranes were made but with different zeolite content. Said membranes were 
tested as in example I to obtain pervaporation data. The data is collected in Table 3. 
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Table 3: Pervaporation data for membranes with different 
zeolite content; alcohol concentration of the feed 5.3 ± 
0.2 % by weight 



10 
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20 



alcohol 






rlux 


oc 










(-) 


methanol 


30 


3.5 


X 10-2 


9.5 




60 


7.8 


x 10- 2 


13.0 


ethanol 


20 


2.9 


x 10-a 


10.3 




40 


3.6 


x 10-* 


14.9 




60 


5.5 


x 10- 2 


17.2 


propanol 


30 


2.9 


X 10-2 


21.2 




45 


3.1 


x 10-2 


25.4 




60 


3.1 


X 10-2 


38.3 




70 


3.5 


X 10-2 


49.3 


isopropanol 


30 


2.9 


x 10-2 


11.9 




45 


3.2 


x 10-2 


13.7 




60 


3.8 


X 10-2 


23.0 



30 Example 5 

This example gives the flux and selectivity of a zeolite-filled silicone rubber membrane for butanol 
l 0,,t I Wa ! T d8 accordi "9 t0 ori 9 inal P at ent U.S. Pat. 4,061.724. The zeolite was characterized 
through ethanol adsorption as in example 3. the sorption capacity being 0.10 + 0.01 g/g. As in example 2 a 
35 membrane was made but with a filling of 70 % by weight. The membrane performance was tested as in 
example I but the alcohol used was butanol. The feed solution contained 2.87 % by weight butanol and the 
temperature of the feed was 21 °C. 

The pervaporation result for butanol was: 



40 



flux 2.75«10- f (l/m*h) 

o 135 (-) 



50 

Example 6 



This example illustrates the influence of temperature on pervaporation performance for various alcohols 
Zeolrte was prepared according to the original patent U.S. Pat 4,061.724. The adsorption capacity for 
ethanol was measured as in example 3. Batches with a sorption capacity of 0.10 + 0.01 g/g were selected 
and membranes were made as in example 2 but with 60 % by weight zeolite content The membranes were 
tested as in example I but the temperature of the feed was raised to 35 «C for methanol. For ethanol and 
propanol the temperature was raised to 35 °C and to 50 °C. 
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The results are listed in Table 4 together with reference data for T=22.5 °C from Table 3. 



5 Table 4: Influence of temperature on pervaporation 

performance alcohol concentration of the feed 5.3 ± 0.2 % 
by weight 



10 



75 alcohol T flux a 

(X) (1/m f h) (-) 



methanol 


22.5 


7.8«l0- f 


13.0 




35.0 


15.5*10-* 


9.5 


ethanol 


22.5 


5.5-10" 1 


17.2 




35.0 


140*10- f 


14.0 




50.0 


18.2»10- f 


12.1 


propanol 


22.5 


3.1 «10-« 


38.3 




35.0 • 


7.1 "lO"*' 


38.8 




50.0 


18.1 *I0""* 


35.5 



In the above examples I to 6 the 2eollte has been diffracted. It has been determined that the structure 
corresponds to that of silicalfte. 



Claims 

1. Membrane for the separation of small molecules from a fluid or a gas, comprising (a) material with 
molecular sieve properties embedded into (b) a polymer matrix, characterrlzed In that 

said material (a) is zeolite and said matrix (b) is made of silicone rubber. 

2. The membrane of claim I characterized in that the Si:AI atomic ratio of said zeolite is at least 12 or the 
SiCteAbCfe ratio is at least 35. 

3. The membrane of claim I or 2 characterized in that said zeolite has an ethanol absorption capacity in 
the range of 0.04 to 0.20 g/g. 

4. The membrane of any of the preceding claims characterized in that the content of said zeolite is at 
least 10 percent by weight 

5. The membrane of claim 4, characterized in that said content is in the range from 10 to 90 percent by 
weight. 

6. The membrane of claim 4, characterized in that said content is in the range from 50 to 70 percent by 
weight. 
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7. The membrane of any of the preceding claims characterized in that said zeolite has a particle size of 
less than 40 micrometers. 

a The membrane of claim 7 characterized in that said particle is in the range from 0.5 to 10 
micrometers. 

9. The membrane of any of the preceding claims characterized in that the membrane thickness is in the 
range from 50 to 500 micrometers. 

10. The membrane of claim 10, characterized in that said thickness is in the range from 100 to 200 
micrometers. 

11. The membrane of any of the preceding claims characterized in that said silicone rubber is a 
polysiloxane. ' " 

12. The membrane of claim II characterized in that said polysiloxane is polydimethylsiloxane 

13. Use of the membrane according to one of the claims I to 12 in a membrane pervaporation process 

14. A pervaporation process in which small organic molecules being admixed to a fluid are separated 
contmously from said fluid by a membrane through which these pass selectively in said process the 
removal of said molecules from the pervaporation equilibrium is achieved by condensing said molecules by 
cooling and/or reduced pressure, characterized in that a membrane of one of claims I - 12 is employed 

15. The process of claim 14, characterized in that said organic molecules have a smaller polarity than 
said fluid. 

16. The process of claim 15. characterized in that said fluid is water and said organic molecules are 
alcohols being dissolved in said water. 

17. The process of claim 16 characterized in that said alcohols have from I to 10 carbon atoms 

18. The process of claim 17 characterized in that said alcohols are methanol, ethanol, propanol 
isopropanol or butanol. H ' 

n c 1*'™° Pr0C6SS ° f ° laim l8, cnaracteri2ed in that the concentration of said alcohols is in the range from 
0.5 to 20 percent by weight. 

20. The process of claim 19 characterized in that said concentration is in the range from 2 to 6 percent 
by weight. 
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